Background: Operative time is a risk factor for short-term complications after orthopaedic procedures; however, it has yet to be investigated as an independent risk factor for postoperative complications after arthroscopic rotator cuff repair.
Although the majority of rotator cuff tears are treated nonoperatively, arthroscopic rotator cuff repair has shown a 600% increase in utilization from 1996 to 2006. 22, 25 Future changes to bundled payment models after rotator cuff repair may result in physicians in the United States being awarded less reimbursement in cases where patients are readmitted within 90 days of initial discharge. 27 Therefore, it is imperative to identify risk factors that may contribute to short-term adverse events postoperatively. 10, 16, 24 Increased operative time has previously been shown to increase the risk of complications after orthopaedic and nonorthopaedic procedures. 7, 8, 12, 15, 32, 33, 40 However, the relationship between operative time and the rate of complications is poorly understood, as operative time may be a confounding variable of more complicated procedures. Previous investigations established that extended operative time in arthroscopic rotator cuff repair was associated with an increased risk of complications. 7, 15, 19, 32 However, these investigations treated operative time as a binary variable (>45/<45 or >90/<90 minutes) to ascertain the relationship between operative time and postoperative complications. While a relationship between operative time and adverse events was identified, quantifying the impact of surgical duration on adverse events has not been identified in arthroscopic rotator cuff repair. A linear relationship between operative time and the risk of adverse events after total joint arthroplasty, anterior cruciate ligament reconstruction, anterior cervical diskectomy, and ankle open reduction internal fixation has previously been established. 1, 8, 17, 31 Therefore, identifying incremental increases in operative time as an independent risk factor for complications after arthroscopic rotator cuff repair would emphasize the need for operative efficiency and the significance for surgical planning in this patient population.
The purpose of this investigation was to determine whether operative time is an independent risk factor for short-term (30-day) complications, readmissions, and extended hospital stays after arthroscopic rotator cuff repair. We hypothesized that there is a positive linear correlation between operative time and the risk of developing complications, such as venous thromboembolic events or surgical site infections, within 30 days after arthroscopic rotator cuff repair.
METHODS
This investigation analyzed the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database. This registry contains demographics, comorbidities, laboratory values, and concomitant procedures with corresponding readmission and complication rates within 30 days of the indexed procedure. Patients are identified through Current Procedural Terminology (CPT) and International Classification of Diseases-Ninth Revision and -Tenth Revision (ICD-9 and ICD-10, respectively) codes. 23 This database is composed of a network of hospitals that employ clinical reviewers with a background in health care to collect over 270 variables from surgical procedures. The ACS-NSQIP database has several quality assurance programs in place to ensure the accuracy and quality of collected data. 14, 39 Patients treated in inpatient and outpatient hospital facilities were included in this study; those treated at ambulatory surgical centers were not included.
The ACS-NSQIP database was queried for all arthroscopic rotator cuff repairs (CPT 29827) between 2005 and 2016. Secondary CPT codes for subacromial decompression (29826, 29826-51, 29826-59), glenohumeral debridement (29822, 29823), biceps tenodesis (29828, 23430), superior labrum anterior and posterior (SLAP) repair (29807), and labral repair (29806) were included in the investigation. Patients undergoing total shoulder arthroplasty (CPT 23472) or hemiarthroplasty (CPT 23470) were excluded from this analysis. Superior capsular reconstruction is commonly coded with CPT codes for arthroscopic rotator cuff repair. Thus, patients with CPT codes for allograft tissue in their record (n < 10) at the time of surgery were excluded from this investigation, as they likely represented cases of superior capsular reconstruction. It was not detectable whether the procedure was primary or revision repair.
Patient demographics, including age, smoking status, comorbidities, sex, and American Society of Anesthesiologists (ASA) physical status classification, were collected. An ASA score greater than 3 corresponded to severe systemic disease (new classification of physical status). A history of diabetes was reported as either insulin dependent, oral medication only, or no diabetes. Procedures were excluded if any of the following variables were missing: ASA class, sex, body mass index, operative time, and type of anesthetic. Cases were excluded if operative time was longer than 225 minutes (>3 SDs from the mean).
Complications were reported within 30 days of the indexed procedure, as the ACS-NSQIP database only tracks patients and records adverse events within this time period. These complications included anemia requiring transfusion, cardiac arrest requiring cardiopulmonary resuscitation, death, cerebrovascular accident, wound dehiscence, venous thromboembolism (deep vein thrombosis and pulmonary embolism), pneumonia, myocardial infarction, renal insufficiency, surgical site infection, sepsis, urinary tract infection, unplanned intubation, hospital readmission, and extended length of stay in the hospital (2 days). 1, 8 Extended length of stay was defined as such to exclude patients who were kept on a 23-hour observation period from being considered as a complication. Operative time was collected as a continuous variable and was defined as the duration, in minutes, from skin incision to wound closure. During analysis, operative time was segmented into 15-minute intervals to determine marginal increases in the complication risk after a 15-minute interval in operative duration.
Statistical Analysis
Stata 13.1 (StataCorp) was used to perform statistical analysis in this investigation. Demographic and comorbidity variables were correlated with operative duration by bivariate linear regression. Multivariate Poisson regression with a robust error variance was subsequently performed to determine which of these variables were correlated with operative time. A robust error variance prevents the overestimation of errors with Poisson regression. Poisson regression with a robust error variance was implemented into the analysis, as it has been previously shown to be efficacious in epidemiological investigations to calculate the relative risk (RR). 46 Bivariate analysis was then performed on operative duration and the risk of developing short-term complications. Multivariate Poisson regression with a robust error variance was again utilized to determine the RR of developing each complication while accounting for correlated demographic variables. Fifteen-minute increments were used in this investigation to allow for clinical interpretation of the impact of marginal increases in operative time on postoperative complications. All statistical comparisons were considered significant at P < .05.
RESULTS
After exclusions, there were 27,524 rotator cuff repairs from 2005 to 2016 included in the analysis ( Table 1 ). The mean age of the patients was 58.4 ± 10.9 years, and the mean body mass index was 30.4 ± 7.0 kg/m 2 . The mean operative time was 86.9 ± 37.4 minutes (Figure 1 ). Operative times based on patient demographics and comorbidities are provided in Tables 1 and 2 , respectively. Concomitant glenohumeral debridement, arthroscopic biceps tenodesis, open biceps tenodesis, SLAP repair, labral repair, or distal clavicle excision resulted in increased operative times in comparison with those rotator cuff repairs without concomitant procedures (P < .001). However, concomitant subacromial decompression and synovectomy decreased the overall operative time (P < .001 and P ¼ .012, respectively) when compared with cases that lacked these procedures. It should be noted that open biceps tenodesis resulted in the largest increase in operative time (111.9 ± 39.0 minutes; RR, 28.3; P < .001).
The overall rate of all adverse events was 0.88% among all arthroscopic rotator cuff repairs. The most common complication was pulmonary embolism, which occurred in 0.19% of procedures. The incidence of readmissions within 30 days and that of an extended length of stay (2 days) were 1.07% and 0.53%, respectively. After performing multivariate regression analysis and accounting for confounding demographics, comorbidities, and concomitant procedures, we found a 15-minute increase in operative duration to be associated with an increased risk of anemia requiring transfusion (RR, 1.27 [95% CI, 1.14- 
DISCUSSION
This investigation established that a 15-minute incremental increase in operative duration is an independent risk factor for postoperative transfusion, pulmonary embolism, surgical site infection, and extended length of stay after arthroscopic rotator cuff repair. Concomitant biceps tenodesis, glenohumeral debridement, SLAP repair, labral repair, and distal clavicle excision significantly increased operative time; however, these concomitant procedures did not increase the risk of short-term adverse events. Physicians should be conscious of reducing potential causes of longer operative time, as this may be a contributing factor to postoperative adverse events.
Operative time has been shown to be an independent risk factor for postoperative complications after shoulder arthroscopic surgery and lower extremity joint arthroplasty. 4, 5, 7, 8 Boddapati et al 7 demonstrated that operative time greater than 45 minutes was associated with an increased risk of surgical site infection and overnight hospital stays. However, their investigation treated operative time as a binary variable to determine the relationship between operative time and postoperative complications. Although an association between operative time and postoperative complications was identified, the investigation was unable to quantify the impact of increased operative time on short-term adverse events. In the present investigation, operative time was treated as a continuous variable, which allowed for subsequent analysis of the effect of incremental increases in operative time on postoperative complications. In an investigation examining the risk of operative time on complications after total hip arthroplasty and total knee arthroplasty, Bohl et al 8 identified that 15-minute increases in operative time resulted in 13% and 9% increases in surgical site infection and wound dehiscence, respectively. Furthermore, concomitant procedures increased operative time but did not increase the risk of complications. Concomitant procedures may not directly cause adverse events; however, the associated increase in operative time may contribute to the risk of complications. The findings in the present investigation demonstrate that 15-minute increases in surgical duration can increase the incidence of adverse events after arthroscopic rotator cuff repair.
The overall rate of surgical site infection after arthroscopic rotator cuff repair was 0.16%, which is lower than what has been previously reported. 15, 22, 32, 41, 44 The rate of surgical site infection may be lower because of the time period that was queried in this investigation (within 30 days), as previous investigations assessed the rate of infection within 3 to 6 months postoperatively. 22, 41 Age older than 65 years, 15 open repair, 15, 20, 41 and male sex 32, 41 have previously been identified as risk factors for a postoperative surgical site infection. Additionally, the incidence of venous thromboembolsim in this investigation (0.28%) is higher than what has been previously reported. 35 Previous investigations have suggested that a history of cancer, tobacco use, thrombophilia, lateral positioning, and operative time are risk factors for developing venous thromboembolism after shoulder arthroscopic surgery. 9, 11, 18, 34 The present study establishes that prolonged operative time results in an increased risk of venous thromboembolism in patients undergoing arthroscopic rotator cuff repair. Blood may pool in the lower extremities because of positioning in the beach-chair or lateral position, despite the use of mechanical prophylaxis. Adjusted for all baseline demographic and procedural characteristics listed in this table. c Concomitant procedures were referenced to those rotator cuff repairs without each procedure (ie, subacromial decompression vs no subacromial decompression). Patients may have gone underwent more than 1 concomitant procedure at the time of index procedure.
Currently, there are no guidelines provided by the American Academy of Orthopaedic Surgeons regarding the use of deep vein thrombosis prophylaxis specific to shoulder arthroscopic surgery; however, physicians commonly prescribe aspirin to patients in the perioperative period. Alyea et al 2 demonstrated that the use of pneumatic compression devices and early mobilization provides equivalent prophylaxis to aspirin in this low-risk population. Because of the low incidence of deep vein thrombosis and lack of standard prophylactic protocol, physicians may continue to implement venous thromboembolic prophylaxis that best fits the individual needs of each patient.
This investigation further establishes chronic obstructive pulmonary disease, ASA class 3 or 4, and functional dependence as independent risk factors for adverse events. This finding corroborates previous investigations that establish that pulmonary or cardiac comorbidities influence adverse events after shoulder surgery. 38, 42 Patients with multiple comorbidities or systemic illnesses are at an increased risk of developing adverse events. Despite the low incidence of readmission after elective shoulder arthroscopic surgery, Hill et al 19 demonstrated that operative time longer than 1.5 hours, age older than 40 years, ASA classes 3 and 4, chronic obstructive pulmonary disease, and chronic steroid use were independent risk factors for readmission. Patients who are functionally dependent on others may not have the assistance or resources to receive adequate postoperative care. This may predispose these patients to complications and readmissions. This finding highlights the importance of interdisciplinary collaboration with social workers and other members of the health care team to ensure that patients who are functionally dependent have adequate postoperative care. Smoking, diabetes, and obesity were not found to be significant risk factors for 30-day adverse events. This finding may suggest that these comorbidities may be less relevant in minimally invasive procedures or that the complication rate is too low to detect a difference, despite the use of a database.
The United States health care system emphasizes the importance of reducing short-term readmissions after surgery. 10, 16, 24 Arthroscopic procedures are increasingly performed at outpatient surgical centers that may be owned by practicing physicians. 21, 30 This places larger accountability on physicians for patient outcomes, complications, consequential penalties, or reduced reimbursement. 30 The Figure 1 . Distribution and incidence of operative duration of arthroscopic rotator cuff repair. The Orthopaedic Journal of Sports Medicine Rotator Cuff Repair Operative Time 5
findings of this investigation demonstrate that operative time should be optimized to maximize efficiency and patient safety. To minimize complications, it is imperative that physicians and the surgical team work efficiently to minimize operative duration. Working with the same operative staff has been shown to reduce operative time.
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Understanding patient-specific risk factors for prolonged operative time is imperative for physicians and operating staff to consider during preoperative planning. Physicians with a higher surgical volume, which may be driven by more experience, are a major factor in maximizing operative efficiency, and these physicians may experience a lower complication profile than lower volume physicians. Nonetheless, proper preoperative assessment and planning on behalf of the operative team may improve efficiency in the operating room, thus reducing the number of complications. The ACS-NSQIP database provides high-quality data on a multitude of surgical variables and is sufficiently powered to address risk factors and trends of infrequent complications. Despite the power of this investigation and the quality of collected data, there are inherent limitations due to the use of a database. The results of this investigation are dependent on accurate coding by physicians and clinical reviewers. Any miscoding or noncoding by providers is a potential source of errors in these data. Although disagreement among clinical reviewers is less than 2%, 14, 39 differences in the definition of comorbidities and complications may cause variations in the results of this investigation. 45 Furthermore, because of the size of the database, it is debatable at which point the P value to detect statistical significance becomes meaningless. 45 Therefore, readers should evaluate the significance of the findings in this investigation. In addition, we were unable to discern whether the complications or extended length of stay recorded in this investigation were caused by a preexisting condition or were a direct result of the procedure.
The external validity of this investigation may be limited, as the ACS-NSQIP database is only reflective of hospitalbased patients and does not include patients who are treated at ambulatory surgical centers. This may contribute to selection bias, as hospital patients generally have more comorbidities compared with ambulatory patients. Furthermore, surgeon experience may vary between those who predominantly operate in inpatient facilities versus those who primarily operate in ambulatory surgery centers. Also various preoperative and intraoperative variables, such as patient positioning, antibiotic or deep vein thrombosis prophylaxis, and operative technique, are unknown and may contribute to variations in complication rates. Although operative technique, such as double-row or single-row repair as well as Adjusted for all demographic, comorbidity, and procedural characteristics listed in Table 1 . transosseous or transosseous-equivalent techniques, has been shown not to increase operative time, 6 ,36 a variation of these techniques may affect operative time on a national scale. Risk factors for poorer outcomes, such as Goutallier grading, preoperative tendon length, initial tear size, and bone mineral density, were unable to be collected. 13, 26, 29 The involvement of residents or fellows and their contribution to operative time and complications was not assessed in this investigation; however, resident involvement has been shown to not increase operative time or complications in shoulder arthroscopic surgery. 3 It was unclear whether patients had undergone primary repair or revision repair. Revision cases may be technically difficult and can prolong operative times. Despite no difference in short-term outcomes, patients undergoing revision rotator cuff repair have a higher incidence of tendon retears, increased pain, impaired overhead function, weaker strength, and lower satisfaction in comparison with patients undergoing primary repair. 37 Revision rotator cuff repair may not increase the incidence of short-term complications; however, complications may be higher in these patients because rehabilitation is a slower process. Future investigations may be needed to elucidate a relationship between short-term adverse events and revision rotator cuff repair. Last, the outcomes of this study are limited to complications within the immediate postoperative period, and long-term outcomes such as retears, reoperations, and other procedure-specific outcomes were not captured. The results of this investigation assess complication rates in the acute postoperative period and do not consider the impact of operative time on clinical outcomes or other complications such as stiffness or tendon retears. Future investigations may be beneficial to assess the impact of operative time on clinical outcomes and other complications.
CONCLUSION
While the rate of short-term complications after arthroscopic rotator cuff repair is low, incremental increases in operative time are associated with an increased risk of adverse events such as surgical site infections, transfusion, pulmonary embolism, and extended hospital stays. Efforts should be made to maximize surgical efficiency in the operating room through optimal coordination of the staff or increased preoperative planning or simulation training in the instance of resident or fellow physicians. Multivariate analysis adjusted for all baseline demographic and procedural characteristics listed in this table. c Concomitant procedures were referenced to those rotator cuff repairs without each procedure (ie, subacromial decompression vs no subacromial decompression).
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